Abstract The authors aimed to evaluate the web and an Interactive Voice Response (IVR) phone service as vehicles in population-based infectious disease surveillance. Fourteen thousand subjects were randomly selected from the Swedish population register and asked to prospectively report all respiratory tract infections, including Influenzalike Illness (ILI-clinical symptoms indicative of influenza but no laboratory confirmation), immediately as they occurred during a 36-week period starting October 2007. Participants were classified as belonging to the web or IVR group based on their choice of technology for initial registration. In all, 1,297 individuals registered via IVR while 2,044 chose the web. The latter were more often young and well-educated than those registered via IVR. Overall, 52% of the participants reported at least one infection episode. The risk of an infectious disease report was 14% (95% CI: 6, 22%) higher in the web group than in the IVR group. For ILI the excess was 27% (95% CI: 11, 47%). After adjustments for socio-demographic factors, statistically non-significant excesses of 1 and 8% remained, indicating trivial differences potentially attributable to the two reporting techniques. With attention to confounding, it should be possible to combine the web and IVR for simple reporting of infectious disease symptoms.
Global surveillance of influenza utilizes national systems [1, 2] that are typically based on reports from sentinel physicians and/or on data from routine testing at virology laboratories [3, 4] . Although invaluable components in complete influenza surveillance schemes, particularly in the early identification of outbreaks of new strains, these data collection mechanisms often lack anchorage in the underlying population. Uncertain denominator data and possible selection forces behind health-care consultations limit the interpretability of resulting rates and complicate epidemic forecasting. Moreover, overtaxing of health care during pandemics may severely bias such surveillance data. Therefore, there is a need to supplement these mechanisms with robust, population-based data collection with short time-delay [5] .
The Internet is already an important component in many of the existing surveillance systems as electronic reporting decreases time-delay [3, 6] . Along with the Netherlands, the Nordic countries have the world's highest general Internet penetration [7] and web-based data collection directly from the public is technically feasible in a growing number of countries including Sweden [8, 9] . But since the Internet is not available to the entire population, supplementary technologies could potentially be used to improve population coverage and response rates. Interactive Voice Response (IVR), available through both landline and mobile telephones, can be used for short questionnaires [10] [11] [12] . Availability of telephone-based interviews as a supplement to the web has been shown to boost response rates [13] .
In this cohort study, randomly selected subjects were asked to immediately report all occurrences of respiratory tract infection during a 36-week period from September 2007 to May 2008. At entry, they were given the option to respond to the invitation via a study-specific web site or via IVR. During the follow-up period with participant-initiated reporting they were allowed to alternate between these two contact modes. This study aims to investigate the degree to which the reporting method per se might influence incoming self-reports by comparing participants who initially chose the web with those who chose to use IVR; of interest were possible socio-demographic selection forces, patterns of switch-over between the contact modes, and proportions reporting infections.
Method

Subjects and recruitment
A random sample of 14,000 Stockholm county residents, aged 0-95 years, was drawn from the continuously updated Swedish population register at Statistics Sweden (www. scb.se). Mailed invitation letters were sent to all selected individuals. For children under the age of 16 years, the parents were contacted as proxy reporters in lieu of the child. Elderly people with impediments that hindered selfreporting could ask a deputy to act as a substitute. Before start of the infectious disease reporting, participants were required to first register by entering their National Registration Numbers (NRNs) at the study web site or via IVR. Either action was considered informed consent. The participants' choices of technology for this initial registration were used to categorize them as belonging to either the web group or the IVR group.
Follow-up
Registered participants were asked to report all new occurrences of respiratory tract infection (influenza-like illness [ILI] or ''common cold'') during the 36-week follow-up period. In the event of such an infection they were to contact the study via the website or IVR. Answering a short questionnaire about specified symptoms and time since onset was an integrated part of the reporting. Both the website and the IVR platform presented the same branched set of questions and they were connected to the same database. Participants were allowed to freely alternate between the two technologies. Postcards were sent to all registered participants at Christmas (study week 12) and around Easter (study week 25) to remind them about the ongoing study.
Record linkage
After data collection was completed, a dataset including all registered participants was linked to the Longitudinal Integration Database for Sick Leave and Labour Market Studies at Statistics Sweden to obtain individual information on gender, year and month of birth, marital status, country of birth, highest completed education, occupation, household size, total household income, and place of residence. Since the NRNs were initially obtained from the population register, where the estimated proportion with erroneous NRNs is around 0.01% [14] the record linkages could be carried out with a high degree of accuracy. After completion of all linkages, the NRNs were replaced with internal IDs before delivery to the investigators, thus preserving the integrity of each participant. For children under the age of 18 parental data was received on highest completed education, occupation and marital status. Corresponding data (excluding parental data) on the total sample was received on an aggregated level.
Statistical analyses
Cross-tabulations of chosen reporting technology and socio-demographic variables (age group, gender, highest degree of education, marital status, size of household and household income) enabled us to compare the web and IVR groups. Data on a continuous or ordered categorical scale were compared with the Wilcoxon rank-sum test while data on a nominal scale (proportions) were compared by chisquare tests.
To evaluate differences between reporting patterns over the study period and techniques, reports were separated into reports of any respiratory tract infection (stating infection with onset within 7 days in response to the portal question of the reporting questionnaire) and reports of ILI (ILI-i.e., a symptom pattern conforming with the case definition proposed by the European Centre for Disease Prevention and Control [ecdc.europa.eu]). Week by week, the rates of positive reports of respiratory tract infections per 100 person-weeks in the web and IVR groups, respectively, were plotted in a visual graph for comparison. A corresponding graph was created for reports of ILI. Infections that started more than 7 days prior to the report were not taken into account. We further plotted the age group-specific proportions of participants who submitted at least one report of respiratory tract infection or ILI during the entire influenza season. Here, the individual was the unit of observation, and the purpose was to demonstrate the impact of one of the participant-specific characteristics (age) that could potentially result in confounding. To assess the putative effects of choice of reporting technology and other measured background factors on the risk of reporting at least one infection, log-binomial regression models were fitted, both for any respiratory tract infection and for ILI. First, crude relative risk (RR) of ever reporting an infection (yes/no) during the follow-up period was calculated for the web group, relative to the IVR group in a univariable analysis. The model was then multivariably adjusted for age group, gender, level of education, household size and family income. As marital status was highly correlated with size of household, marital status variable was not included in the regression models. For children under the age of 18 socio-economic data on their parents were obtained and used in Table 2 and in the regression models (Tables 3  and 4 ).
The goodness of fit of the models was evaluated by using the model deviance. Likelihood ratio tests were used to assess the relative importance of the model covariates. All statistical tests were done on the two-sided 5% level of significance. All analyses were performed with the SAS 9.1.3 statistical software program. The study was reviewed and approved by the Regional Ethics Review Board in Stockholm in 2007.
Results
Response rate
After two reminders, 436 (3%) of the originally invited 14,000 individuals had actively declined participation and 3,341 (24% of total sample) were registered as participants, of whom 1,297 (9% of total sample) registered via IVR and 2,044 (15% of total sample) registered via the web. The remaining 10,223 (73%) did not respond at all.
Socio-demographic distribution
Participants versus total sample
Distributions of socio-demographic characteristics for the participants and for the total sample are described in Table 1 . Women were over-represented among participants (56%), compared to the total sample (51%). There was a shift toward older ages among participants compared with the total sample, and there was a noteworthy under-representation of participants in the age group 18-39 (20 vs. 30%). Moreover, participants had, on average, a higher level of education, higher household income, somewhat higher representation of two-person household and a lower representation of individuals who had never been married.
Web versus IVR participants
The distributions of socio-demographic characteristics among web and IVR participants are shown in Table 2 . (8% out of 1,297) IVR registered participants reported at least once through the web and 129 (6% out of 2,044) of those who registered through the web reported at least once through IVR, indicating that most participants used the same technology for reports as for initial registration. Figure 1 illustrates, for each of the 36 studied weeks, the rate of positive reports of any respiratory tract infection with an onset within 7 days per 100 person-weeks, by contact mode defined in terms of the technology chosen for the initial registration. The corresponding data pertaining to influenza-like illness (ILI) are shown in Fig. 2 . Although slightly higher rates of self-reported infections (both respiratory tract infections and ILI) were observed in the web group compared with the IVR category, the rates in the two groups were on the whole remarkably consistent. Both figures demonstrate an obviously artificial peak immediately following the receipt of the postcard reminder that was sent out before Christmas. This peak was particularly conspicuous in the web group.
In stratified analyses, the lower report frequency in the IVR group compared to the web group was confirmed in both men and women. The proportions reporting respiratory tract infections and ILI by 5-year age groups are plotted in Figs. 3 and 4. These proportions were generally higher in the younger age groups than in the older, and the lowest proportions were seen in the oldest age group for both technologies. Crude and adjusted RRs for reporting at least one respiratory tract infection by technology, estimated in log-binomial regression models, are shown in Table 3 . The unadjusted RR in the web group, relative to the IVR group, was 1.14 (95% CI: 1.06, 1.22). When adjusting for gender, the RR increased slightly. After including gender, age group, education, family size and income, the RR shifted to 1.01 (95% CI: 0.94, 1.09), indicating that the difference in reporting frequency between the two techniques was mostly due to other factors, and especially age group (Table 3) . Crude and adjusted RRs for reported ILI by reporting technology are shown in Table 4 . The crude RR was estimated to 1.27 (95% CI: 1.11, 1.47). After adjustment for available background factors the RR shifted to 1.08 (95% CI: 0.94, 1.25) ( Table 4) . No statistical interaction was found.
Discussion
In this study of population-based influenza surveillance, participants were given the opportunity-after having received invitation letters by regular mail-to choose between the web and IVR through telephones for participant-initiated self-reporting of new upper respiratory tract infections during a 36-week follow-up period. More than 60% of participating individuals chose the web. Differences between socio-demographic strata with regard to preference for communication technology were found, in line with the results of other studies which have compared web-and telephone-based interviews [12, 15] . More women, elderly, and less educated participants preferred IVR, while individuals younger than 65 years, with a higher level of education, living in larger households, and having a high family income were over-represented in the web group. This socio-demographic distribution among the web group is comparable to other web-based studies [16, 17] . Interestingly, most participants remained faithful to their initial choice of technology and the proportion that switched over was small (less than 10%) and similar regardless of the initial choice. Although the week-to-week variation in disease reporting was remarkably similar in the web and IVR groups, the overall proportion that reported at least one disease episode was 14% (any respiratory tract infection) and 27% (ILI) higher in the web group than in the IVR group. This excess, however, was inflated by confounding from socio-demographic factors, notably age. After adjustments for these factors, statistically non-significant excesses of no more than 1-8% remained.
The major limitation of this study is the uncertain generalizability. Out of 14,000 invitations to the representative population sample, 3,341 (24%) registered to participate in the study. On average, the participants were older, had a higher degree of education and were more represented by women than the total sample. This distribution of sociodemographic characteristics among responders versus nonresponders has been demonstrated in other epidemiological studies [18] [19] [20] and seems to be a growing methodological problem [19, 21, 22] . However, in view of the rather heavy commitment expected from the participants in the present study, participation rate in the lower range of what is presently seen in epidemiological studies with active participation of healthy people was foreseen.
While validity of the self-reports are not the focus of the present analysis and therefore subject for a separate study, lack of validity would make the present report superfluous. We therefore compared epidemic curves for ILI derived from population-based influenza surveillance data with those obtained with the prevailing surveillance method, namely reports from sentinel physicians. Both sets of data Table 3 Relative risk (RR) and 95% CI for reports of any respiratory tract infection, obtained using log-binomial regression modelling . Although the Swedish sentinel reporting system constitutes a dubious gold standard, providing data only on the relative frequency of patients who are deemed to have ILI among all patients presenting at the sentinel units, the shape of the curves, the timing of the peaks, and the relative difference between the two seasons are strikingly similar. This provides support for the validity of the population-based data. Some counter-intuitive findings deserve to be highlighted, though. In view of the over-representation of people with high socio-economic status in the web group, it might be expected that the members of this group would, on average, be healthier [12, 18] , but they were, in fact, slightly more likely to report new infections. Though there seem to be no association between socio-economic status and common cold among adults [23] , there is some evidence of increased susceptibility to upper respiratory tract infections if living under low socio-economic conditions during childhood [24] . A lower degree of compliance with the reporting commitment among people with low socio-economic status might be the most plausible explanation for the lower rate of infection in the IVRS group, but the web group contained more participants with large families, and children are notorious vectors of infections [25] . This notwithstanding, the adjusted estimate for household size in our mutivarate modelling was not suggestive of any strong independent effect of household size. It might also seem counter-intuitive that the lowest average report frequency was observed among the oldest participants. A higher threshold for reporting trivial symptoms might be one explanation, but the oldest were more likely to live in small households and are probably less often interacting with children. Recent population-centered disease surveillance in connection with the A(H1N1) pandemic has revealed that the older age-groups were surprisingly little affected [26, 27] . In spite of a general tendency for the immune system to become somewhat less efficient in elderly people, the spectrum of immunity acquired over a long life might confer some protection. Moreover, during the influenza season under study, the oldest age group was the only one that was subject to systematic vaccination [28, 29] . A questionnaire to our participants after completion of the registration indicated that 57% of the responders in the oldest age group were vaccinated compared to less than 10% in the other age groups. The dramatic effect of the first reminder suggests that some participants may have misunderstood the instructions and were waiting for a contact from the study secretariat. When the first reminder arrived, some telescoping [30] (but also some false positive reports) may have occurred, thus inflating the rates. Interestingly, the phenomenon was expressed in an almost identical way in the web and IVR groups.
The studied technologies require access to the Internet or a telephone. This is probably a minor problem, as according to Statistics Sweden in 2008, 84% of the Swedish population had used the Internet regularly, and most individuals have access to a landline or a mobile phone [31] . Hence, as the system is dependent on a mixedmode of two techniques, the low response rate is probably not due to lack of accessibility to the technique.
In conclusion, information and communication technologies, such as the web and IVR, have the potential to logistically implement a population-based influenza surveillance system where reports can be registered with short time-delay. Although some socio-demographic factors that determine the preference for registration technology were also linked to the propensity for reporting infections (and presumably to the incidence of such infections) thus confounding the comparison of disease rates in the web and IVR groups, it appears that the technology per se does not have any important effect on the quality of the resulting data. With proper attention to possible confounding, it should be possible to use web and IVR interchangeably for simple reporting of infectious disease symptoms. , right panel) . Although the sentinel system cannot generate incidence rates but only percentages of all patients at the sentinel units who present with ILI, the shape, timing of peaks, and relative difference between the two seasons are strikingly similar to the curves generated by the population-based influenza surveillance. All curves are based on data that are exhibited at the web-site of the Swedish Institute for Infectious Disease Control (www.smitt skyddsinstitutet.se)
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